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I. SUMMARY 
The preferred procedure fo r  preparing steri l izable bat tery 
separa tor  mater ia l  involves grafting of low-density polyethylene film 
with acrylic acid, washing of the product with five percent potassium 
hydrcxide. rinsing in water,  drying, and crosslinking the dr ied  ma te r i a l  
wi th  divinylbenzene. 
initiated by irradiation f rom a cobalt-60 source.  
The grafting and crosslinking procedures  a r e  
Separator  mater ia l  produced by the above procedure and with 
t k e  grafting ca r r i ed  out in a nitrogen atmosphere at 86°F has an e lec t r ica l  
res i s tance  in the range of 6 to 15 milliohrn-inch' with an average r e s i s t -  
ance of 10 milliohm-inch . Substantial amounts of mater ia l  prepared by 
this  procedure were shipped to  the sponsor .  
2 
Separator  mater ia l  with a res i s tance  value range of 2 to 6 
2 milliohm-inch 
prepared  using process  modifications. 





A process  f o r  the preparation of a s ter i l izable  bat tery separa tor  
mater a1 was developed by Radiation Applications, Inc. for the Je t  
Propu sion Laboratory.  
density polyethylene f i lm with divinylbenzene with subsequent grafting 
of +he  resultant f i l m  with acryl ic  acid.  
radia+ ion from a cobalt-60 source.  
mater ia l  performed well in si lver-zinc bat ter ies ,  but it was considered 
r eces sa ry  to improve the reproducibility and uniformity of the separa tor  
mat e r ial 
The process  involved the crosslinking of low- 
Both react ions were  initiated by 
Selected samples  of bat tery separa tor  
The purpose of this experimental p rog ram was to  study the basic 
and optimize the procedure to  yield a bat tery parameters  of the process  
separator  mater ia l  with a uniformly low e lec t r ica l  res is tance in 40% 
potassium hydroxide solution. Initially, the work was to be directed 
toward the  acrylic acid grafting of the divinylbenzene-crosslinked poly- 
t l i v i t > n e  f i l m  
total  irradiation dose,  temperature during irradiation, f i lm  washing 
procedures ,  and the effect of the presence of oxygen during irradiation 
-. 
l h e  parameters  to be studied were  irradiation dose r a t e .  
The original tes t  plan f o r  studying the grafting procedure is given 
in t h e  Mid-Program Report dated February  15, 1967. This plan consisted 
of a !ew preliminary experiments and a one-half replicate of a Z 5  factorial  
. 
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experiment fo r  studying the parameters  which were felt to be pertinent to 
the procedure f o r  grafting the divinylbenzene-crosslinked polyethylene 
fi lm. 
The resu l t s  of the preliminary experiments indicated that a 
superior  product was produced if the polyethylene fi lm was grafted 
pr ior  to  crosslinking. As a consequence, the factor ia l  experiment w a s  
revised to  accommodate this procedure.  
factor ia l  experiment is  shown in Table 1.  
The design of the modified 
The des i red  propert ies  of the bat tery separator  mater ia l  a r e  a 
2 maximum e lec t r ica l  res i s tance  of 120 milliohm- inch 
#hydroxide solution and a minimum wet tensile strength of 700 psi .  
in 40% potassium 
, 
111. EXPERIMENTAL 
A .  Nomenclature 
Throughout this program, 30-foot ro l l s  of low-density polyethylene 
film were modified. To identify the various par t s  of the rol ls  which were 
analyzed, t h e  following procedures and nomenclature were used 
One-foot samples of f i lm were  taken f r o m  various par t s  of the 
rolls of modified polyethylene film for analysis.  These samples  were 
identiiied b y  roll number, position along the length of the roll,  and 
position across  the width of the roll .  The designation "15-1, middle" 
r e p r e s e n t s  roll  number 1 5 ,  the first foot of the rol l  (outermost par t  of 
ro l l ) ,  and the center part ac ross  the sample,  respectively.  The nomen- 
clature  applies to the modified film, and the pos tion along the rol l  may 
be grea te r  than 30 a s  the modification causes  an increase in the length 
of the film 
When both crosslinking and grafting procedures a r e  performed on 
the same roll of film; the i n s e r r ~ s t  pari of the roii  f r o m  the i l r s t  t r e a t -  
ment becomes the outermost par t  for  the second t rea tment  during the 
reroll ing operation. 
of the f i lm during grafting. 
B Radiation Configuration and Dosimetry 
All sample nomenclature is based on the position 
The radiation configuration and the dosimetry procedures  were  
the s a m e  a s  descr ibed in the Mid-Program Report dated February  15, 1967. 
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C .  Pre l iminary  Experiments 
The general  procedures  for grafting and crosslinking of the 
low-density polyethylene film a r e  given in the Appendix of this report .  
The prel iminary experiments reported in the Mid-Program 
Report  indicated that grafting of the polyethylene film with subsequent 
crosslinking produced a product far  superior  to that obtained when 
the polyethylene film was crosslinked f i r s t .  The electr ical  res is tance 
values of the product were  considerably lower and much m o r e  uniform 
when grafting was ca r r i ed  out prior to crosslinking. 
To determine the reproducibility of the improved procedure 
and to  prepare  samples  fo r  the Sponsor, ten additional 30-foot ro l l s  of 
low-density polyethylene were  grafted and then crosslinked. 
a r e  tabulated in Table 2 .  
grafting was e r r a t i c  in the outermost four feet of each ro l l ,  but res i s tance  
values of the remainder  of each roll were well below the maximum 
permiss ib le  value and fair ly  uniform. 
The resu l t s  
As reported in the Mid-Program Report ,  
All of the aforementioned grafting with acryl ic  acid was ca r r i ed  
out in a i r  a t  a dose ra te  of 0 . 0 2 1  Mrad 
1 .  430 Mrad .  
grafting, one rol l  of polyethylene fi lm was grafted with acrylic acid in 
the presence of a i r  a t  a dose ra te  of 0 . 0 2 5  Mrad 
0 .  550 Mrad .  
per hour for a total dose of 
To determine if a lower total dose would produce sufficient 
for  a total dose of 
The outermost  seven to eight feet of the roll. showed 
h 
e r  a t i  raf t ing,  while the remainder  of the ro l l  showed uniformly 
low e lec t r ica l  res i s tance  values.  These  data  are shown in Table 3 .  
D Fac to r i a l  Experiment  
The data obtained for the runs  l is ted in the f ac to r i a l  experiment  
a r e  shown in Tables 4 through 19. A summary  of the e lec t r ica l  
res i s tance  values is given in Table 20 .  In all c a s e s ,  the compositions 
of the grafting solution and crosslinking solution, when requi red ,  
were  held constant. Gas pockets were  removed f r o m  the ro l l s  by 
al ternately lowering and rais ing the p r e s s u r e  in the react ion vesse l  
The grafted film was soaked for one hour a t  80°C in five percent  
potassium hydroxide solution followed by a soak for  one hour in 
disti l led water  a t  80 c .  
a t  ambient conditions (about 75  F and 50% re lat ive humidity).  
0 The wet f i lms  were  permit ted to d r y  in a i r  
0 
Crossl inked f i lms  were  r insed with benzene a f te r  crosslinking. 
Samples  for  res i s tance  and tensile s t rength measu remen t s  were  p e r -  
mit ted to soak in 40% potassium hydroxide solution for  a t  l eas t  18 hours  
before the measurements  were  made. 
Analysis of the data f r o m  the factor ia l  experiment  indicates 
the following. 
1 The higher tempera ture  favors  lower and m o r e  uniform 
c l e c  t r  ical res i s tance  values throughout the ro l l .  
2 A nitrogen atmosphere favors  lower and m o r e  uniform 
e l ec t r i ca l  res is tance values throughout the rol l .  
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3. The lower dose rate  produces film which is  grafted 
throughout the rol l  in both air and nitrogen atmospheres .  
high dose r a t e ,  grafting usually does not occur in air a t  ambient 
temperature  on the outermost  few feet.  
the rol l  are not considered, dose rate  in the range studied has  l i t t le 
effect on electr ical  res is tance.  
With the 
If the outermost  few feet  of 
4. Total dose ,  within the range studied, has  little effect 
on electr ical  res i s tance .  
5. The degree  of crosslinking obtained with the procedure 
employed has  l i t t le,  if any, effect  on e lec t r ica l  res i s tance .  
6.  Within experimental e r r o r ,  the total dose,  dose r a t e ,  
and crosslinking have little effect on tensile strength.  
temperature  as well as a nitrogen atmosphere dec reases  the tensile 
strength.  This i s  probably due to an increased degree of grafting. 
However, the tensile strengths obtained in a l l  ca ses  a r e  acceptable. 
7. 
The higher 
A combination of the higher temperature  and a nitrogen 
atmosphere produced modified fi lm which was difficult to recover  f r o m  
the ro l l .  
lower total dose under these conditions would produce a good bat tery 
separa tor  ma te r i a l  of low electrical  res is tance.  
It appeared to be overgrafted, and it is believed that a much 
In no case  was an exotherm produced during grafting in the 
0 
presence  of a i r  a t  77 F (Table 2 1 ) .  However, grafting in the presence 
of a i r  a t  125OF usually exhibited an  exotherm, although the exotherm 
was not as grea t  a s  obtained with a nitrogen atmosphere a t  this 
temperature .  
E .  Effect of St e r ilizat ion 
The effect  of steri l izing a number of samples  of modified f i lm 
obtained during the statist ical  experiment i s  shown in Table 22 .  The 
samples  were picked in a random fashion as only one sample was 
chosen for  each se t  of conditions used in the statist ical  experiment 
Most of the resu l t s  were  typical. However, the resis tance of one 
sample (52-13) which had a relatively high resis tance of l o 9  milliohm 
2 2 
inch decreased to 9 milliohm --inch . This sample a l so  had a relatively 
l a r g e  increase in thickness on steri l ization. 
F.  Miscellaneous ExDer iment s 
To check the reproducibility of the grafting of bat tery separator  
ma te r i a l  a t  ambient temperature in a nitrogen atmosphere and supply 
ma te r i a l  for use by the Sponsor, fifteen additional rol ls  of polyethylene 
f i lm  were  grafted and crosslinked The reproducibility of the electrical  
res i s tance  (Tables 2 3  and 24)  was excellent, and the mater ia l  w a s  shipped 
to the Sponsor. 
caused a decrease  in the average resis tance (1  1 milliohm -inch2) f r o m  
that obtained a t  ? ? O F  (22 milliohm ---inch 
The higher ambient grafting temperature  ( 8 6 O  and 89OF) 
2 Table 5 ) .  
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Excellent reproducibility of e lectr ical  res is tance was a l so  
obtained when the grafting was car r ied  out a t  125OF in the presence 
of a i r  (Tables 13, 25 and 26). 
As higher temperatures  and nitrogen atmosphere improved 
the grafting of low-density polyethylene fi lm, attempts were made to 
graft  divinylbenzene -crosslinked polyethylene film with acryl ic  acid 
at  90°F in nitrogen (Table 27) ,  at 125OF in a i r  (Table 28),  and a t  
125OF in nitrogen (Table 29). 
125OF, grafting occurred only on the innermost par t  of the ro l l ,  while 
about one-half of the rol l  grafted in nitrogen a t  125OF. 
In nitrogen a t  90°F and in a i r  a t  
Washing of the crosslinked f i lm in boiling five percent 
0 
potassium hydroxide solution permitted grafting (90 F in nitrogen) 
to occur  throughout the rol l  (Table 30); however, the res i s tance  
values were  high throughout most of the rol l .  
would probably be obtained in nitrogen a t  125 F. 
mate r i a l  from the divinylbenzene solution which ac ts  a s  an inhibitor 
r ema ins  in the film after crosslinking, and satisfactory bat tery 
separa tor  mater ia l  could probably be prepared f r o m  the crosslinked 
f i l m  if a proper  washing procedure is used. However, grafting with 
subsequent crosslinking is the prefer red  procedure.  
Lower resis tance values 
0 It appears  that 
In determining the effect of acry l ic  acid concentration in the 
graf t ing solution, the volume of grafting solution and the ra t io  of 
10 
acry l ic  acid to carbon tetrachloride were  held constant. 
if any,  grafting occurred  when the acryl ic  acid concentration was 
five weight percent (Table 31) .  
(Table 32)  was borderl ine,  while twenty weight percent  (Table 34) 
was somewhat bet ter  than fifteen weight percent (Table 33) and was 
approximately equivalent to twenty-five weight percent  (Tables 2 3  and 
24) .  
Very  l i t t le ,  
Ten weight percent acry l ic  acid 
The initial study of the effect of chain te rmina tor  (carbon 
te t rachlor ide)  concentration was inconclusive because of e r r a t i c  
r e su l t s .  The high tempera ture  used, the high e r r a t i c  exotherm,  
and the low boiling point of the benzene solvent were  responsible 
for the e r r a t i c  r e su l t s .  In many c a s e s ,  mos t  of the benzene boiled 
off. 
if a t  a l l ,  only with extreme difficulty. Replacement of par t  of the 
benzene with xylene was of some help,  while replacement of all  of 
the benzene with xylene permitted the fi lm and paper to be separated 
readily 
in Tables  35 through 43.  
\\.ill bt. done at lower temperatures  and in the presence of nitrogen, 
When this occur red ,  the film and paper could be separated,  
The data obtained for the aforementioned runs i s  tabulated 
Future  work on the effect of chain terminator  
. .  
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IV. CONCLUSIONS 
Crafting of low-density polyethylene f i lm with acry l ic  acid 
fo1loLL.c.d b y  crosslinking with divinylbenzene yields a ba t te ry  
s t spara tor  mater ia l  superior to that produced by revers ing  the 
o rde r  of the grafting and crosslinking. 
uniform,  and the electr ical  res is tance in for ty-percent  potassium 
hydroxitlc solution i s  well below the des i red  maximum value. 
The product i s  much m o r e  
From t h e  experimental  work conducted to da te ,  the p r e f e r r e d  
preparat ive procedure for the steri l izable bat tery separa tor  ma te r i a l  
invo1L.t.s grafting of low-density polyethylene f i lm with acry l ic  acid 
in a nitrogen atmosphere a t  8Oo-9O0F and crosslinking the potassium 
sal t  of the product with divinylbenzene. 
More experimental  work should be conducted to complete 
the optimization of the preparative procedure.  
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V. FUTURE WORK 
Optimization of the grafting procedure will be completed. 
This will include optimization of acry l ic  acid and chain terminator 
concentrations. 
The effect of acry l ic  acid solvents on grafting will be 
determined. 
The potassium sal t  of the grafted film will be  crosslinked 
by irradiation in an electron beam, and the product will be compared 
with the ma te r i a l  obtained by divinylbenzene crosslinking. 
Ten thousand fee t  of battery separa tor  mater ia l  will be p r e -  
pared and supplied in 500-foot lengths. 
and washing la rge  quantities of film will be designed and constructed 
for use in preparing this l a rge  quantity of film. 
A device for  neutralizing 
To date,  the degree of grafting, the degree of crosslinking, 
and the potassium content of the bat tery separa tor  mater ia l  have not 
been dctzr;r;ined. 
which a re  believed to have different compositions, and, i f  possible,  
they will be correlated with performance of the separa tor  mater ia l  
in ba t te r ies  . 
These wi l l  'ut: determined on many oi the iiims 
Other acids and chain terminators  will be  evaluated for  
grafting polyethylene. film. 
Other crosslinking mater ia l s  will be evaluated. 
TABLE I .  REVISED FACTORIAL EXPERIMENT 
Standard D o s e  Rate = 0 . 0 2 1  hfrad/hr 
Standard Dose  = 1 . 4 3  Mrad 
Temp I = Ambient (about 75OF) 
Standard washing procedure = 1 hr.  in KOH at 80°C 
1 hr .  in H20 at  80°C 
P r o p e r t i e s  to be  determined: ( 1 )  E lectr ica l  re s i s tance  at 25"CB 5 1 "c 
( 2 )  Tens i l e  strength (wet) 
( 3 )  Elongation 
Cross l inking:  D o s e  Rate: 0 . 0 2 5  Mrad 
Total Dose :  0 .  550 Mrad 
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TABLE 4. SAMPLE hUMBERS 36 AND 37 
I GRAFTED O N L Y  
I Experimental Cor,ditions f o r  Grafting: ----- - _-- 
Dose Rate: 0 .021 Mrad/hr 
Total Dose: 1. 430 Mrad 
Tempera ture :  77 "1- 
Atmosphere: Air 
RESULTS: __ 
I Tens i le  
Strength , El ongation, Thic  kne s s , Resistance,  Res is tance ,  
Sam pl e psi 70 mil  m illi ohm- inc h2 mil  1 iohm- inc h2 /mil I 
36- 1 a 900 > 100 1 . 1  > 3000 
1330 > 100 1.2 * 3000 TOP 
36- 32, 1690 > 100 1 . 3  
TOP 
1440 > 100 1 . 3  
37- 1 ,  1440 > 100 1 . 3  
1 Bot tom 
I 1605 100 1 . 3  
37-11, 1970 > 100 1 , o  
20 30 > 100 1 . 0  I TOP 
37-20, 2070 > loo  1 . 2  
I Middl e 


















I 37-32, 1130 > 100 1 . 3  16 12 
1160 > 100 1 . 4  16 11  
TOP 
- 
*Average 1623 - 1 . 2  27 23 
*Range 1130-2070 - 1.0-1. 4 12-58 11-48 
* Does not include high resis t .ance spec imens .  
. .  
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TABLE 5.  SAMPLE NUMBERS 38 AND 39 
GRAFTED AND CROSSLINKED 
Expe r i m e  n tal  C ondi tions f o r  Grafting: 
Dose Rate: 0 .021  Mrad /h r  Dose Rate: 0.025 Mrad /h r  
Experimental Conditions f o r  C r o  s slinking: 
Total  Dose: 1. 430 Mrad 
Tempera ture :  77 OF 
Atmosphere: Nitrogen 
H ESULTS: 
S d l l ~ V l < ’  
Tensile 
Strength,  
D S i  
38-1 ,  
TOP 

























39 17, 1375 92 
Bottom 
1250 98 
I 39-25, 1255 > 100 
1 1  40 90 
I rop 
Total  Dose: 0.550 Mrad 
Temperature:  77°F 
Atmosphere: Ai r  
Thickness,  
mi l  
2 Re s is tanc e, 
m il l  io  hm- inch ’2 
Resis tance 
mill iohm-inch /mil 
1 . 5  
1 . 4  
1 . 5  
1. 6 
1 . 3  
1. 4 
1 . 3  
1 . 2  
1. 6 
1. 8 



























5 Y -  5 < ,  I395  93 1. 5 20 13 
hl:ddl I’ 
1395 98 1. 5 27 18 
- -- 
A v e r d g e  1319 - 1. 5 22 15 
li lfogt 1140 1605 - 1.2 - 1 .  8 9- 38 6 - 2 9  
- .  
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TABLE 6. SAMPLE NUMBERS 44 AND 45 
GRAFTED ONLY 
Expe r-mer,t-i! Conditions for Crafting: 
Dose  Rate: 0 021 Mrad/hr 
Total Dose :  0 .  671 Mrad 
Temperature:  77 'F 
Atmosphere:  Nitrogen 
RESULTS: 
T e ti s 1 1 e 
St rerlg th, Elongation, Thic k n e s s ,  Res is tance ,  Re si s tance , 
mil l  iohrn - inc h2 mi l l i o  hm - inch 2 / m i l  Simp1 e PS' % mi 1 
44-  1 .L 755 64 1. 6 
8 70 82 1. 5 
Middl e 
.44 10, 1250 > 100 1. 6 
TOP 
1395 > 100 1.5 
44- 19, 8 40 60 1. 5 
Bottom 
935 72 1. 6 
44-27, 970 70 1 .7  
Middle 
865 40 1: 6 
44- 33, 1170 a5 1.6 
Bottom 
1030 73 1.5 
45- 1, 1260 > 100 1. 7 
1255 > 100 1.5 
Middle 
45 -34, 1170 80 1. 5 
TOP 





























Average  1093 - 1. 6 13 9 
Range 755- 1535 - 1.5 - 1.7 9-2 1 5 -14  
. .  
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TABLE 7. SAMPLE NUMBERS 46 AND 47 
GRAFTED AND CROSSLIhKED 
Exper imer,tal Conditions for Grafting: 
Dose Rate: 0.021 Mrad/hr Dose  Rate: 0.025 Mrad/hr 
Total Dose:  0.  671 M a d  
Temper Ature: 7 7  "F 
Atmosphere:  Air 
Experimental Conditions for Crosslinking: 
t Total Dose:  0 . 5 5 0  Mrad 
Temperature:  77°F 
Atmosphere: Air 
RESULTS: 
Tensi le  
St r e ng t h , Res i s t ance ,  Re si s tanc. e El ong at j on , Th ic. Ine  s s , 
PSI 70 mi 1 milliohrn - inch2 milliohm- in=$ /mil --Sample 
46- 1 1265 > 100 1.0 > 3000 3000 
1265 > 100 1 . 0  > 3000 > 3000 
TOP 
46-34 ,  1160 80 1 . 7  






47- 1, 2160 > 100 1 . 1  > 3000 > 3000 
2160 > 100 1 . 1  > 3000 > 3000 
TOP 
47- 9 ,  1430 84  1 .5  
MiddI e 
1700 > 100 1 . 5  
47- 17, 1035 75 1 .7  
Bot tom 
1340 90 1. 6 


















47- 34, 1280 88 1 .5  16 11 
1250 80 1 .5  18 12 
* A v e r a g e  127? - 1.6 20 13 
M:ddl e 
%I ange 1035 1700 - 1. 5-1. 7 10-37 11-25 
* D o e s  nor include h igh  res i s tance  spec imens .  
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Tensi le  
Strength,  Elongation, Thickness,  Res is tance ,  Re si s tanc e ,  
Sdmpl e ps i  7 0  mil  mi l l iohm-incg  milliohm-inch2 /mil 
48- 1 ,  920 > 100 1 . 5  16 11 
735 8 3  1 . 5  20 13 
Middle 
I 




Experimer.tal Conditions fo r  Grafting: 
Dose Rate: 0 .0125 Mrad /h r  
Total Dose: 1. 700 Mrad 
Tempera ture :  77'F 
Atmosphere: Nitrogen 
RESULTS: _- 
48- 34, 1160 98 1. 8 
Bottom 
1165 97 1 . 7  
49- 1, 1465 > 100 1 . 5  
1535 > 100 1 . 5  
Bottom 
49- 10, 1260 96 1 . 7  
TOP 
i .  4 t i n n  1533 I V U  
49-19 ,  1575 100 1 .5  
Bottom 
1100 95 1. 8 
49 26, 1390 '100 1 . 5  























49 34, 1360 97 1 . 5  30 20 
12 10 75 1 . 5  24  16 
r r  
1. op 
A v e r a g e  1271 - 1. 6 24  15 
Rdr .ge  735 - 1575 - 1. 4-1. 8 16-34 11 - 2 0  
TABLE 9. SAMPLE NUMBERS 50 AND 51 
GRAFTED A N D  CROSSLINKED 
Experimental  Conditions for  Crafting: 
Dose Rate: 0.0125 Mrad /h r  Dose Rate: 0.025 Mrad /h r  
Total  Dose: 1. 700 Mrad Total  Dose: 0.550 Mrad 
Tempera ture :  77'F Tempera ture :  77°F 
Experimental Conditions f o r  Croeelinkinq: 
Atmosphere: A i r  Atmosphere: Air  
RESULTS: -
Tensi le  
Strength,  Elongation, Thickness,  Re sis tance, Res is tance  2 ' .  Simple  ps i  % mil  milliohm-inch2 mill iohm-inch /mil 
I 
50-1, 1215 70 1 . 4  
1375 75 1 . 5  
Middle 
50 - 34, 1465 87 1 . 5  
TOP 
1430 92 1 . 5  
51-1, 1430 > 100 1 .5  
TOP 
1595 > 100 1 . 4  
51 -9 ,  1855 100 1 . 4  
1850 > 100 1 . 5  
Middle 
51-17, 1450 > 100 1. 6 
Bottom 
1580 100 1 . 5  
51-25, 1535 > 100 1 .7  
TOP 
1465 > 100 1 . 5  
51-*34, 1650 > 100 1 . 4  






























Average  1542 - 1 .5  43 25 
Rdnge 1215-1695 1. 4-1. 7 20 - 7,l 14- 47 
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TABLE 10. SAMPLE NUMBERS 52 AND 53 
GRAFTED ONLY 
Experimental  Conditions for Graftine: 
Dose Rate:  0 .  0125 Mrad/hr  
Total Dose: 0.800 Mrad 
Tempera tu re :  77 'F  
Atmosphere: A i r  
RESULTS: 
Tensi le  
Strength,  Elongation, Thickness,  Re si s tance, Re si stance,  
S i m p l e  psi  70 mil m i 11 iohm- inc h2 mil 1 io h m -  inch2 / rn il 
52 -  1 ,  1255 80 1 .5  






i . 2 .  13, 2220 > 100 
2160 ' 100 
Middle 
1 .2  






52-23, 2500 > 100 
TOP 
1440 > 100 
1 .3  
1 . 3  
15 
2 8  
12 
22 
52-34, 1845 > 100 
1570 > 100 
Middle 
1 . 4  
1 . 4  




53-1,  920 > 100 
8 45 82 
Middle 
1 .5  





53 -. 3 4, 1480 > 100 
TOP 
1685 > 100 
1. 6 






Average  1565 1. 4 34  27 
R-inge 885 - 2500 1.2-1.  6 10- 133 8-111 
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TABLE 11. SAMPLE NUMBERS 54 A N D  55 
GRAFTED A N D  CROSSLINKED 
_- Experimental  .  - Conditions f o r  Grafting: 
Dose Rate: 0.0125 ,Mrad /h r  Dose Rate: 0.025 Mrad /h r  
Total Dose: 0.800 Mrad Total  Dose: 0.550 Mrad 
Temperature:  77 OF Temperature:  77'F 
Atmosphere: Nitrogen Atmosphere: Air 
Experimental  Conditione for  Croselinking: 
RESULTS: 
Tensi le  
Strength, Elongation, Thickness, Resistance , Resis tance ,  
Sample ps i  70 mil mil l iohminch2 mill iohm-inch2/mil 
54- 1 , 1540 100 1 .5  
TOP 
1390 > 100 1 . 5  
15 
18 
51-34, 1200 76 1 .6  14 
Bottom 
1130 70 1 .7  15 
55-1,  1295 75 1 . 4  
Middl e 
1395 > 100 1 . 5  
55-9,  1470 > 100 1 .5  
TOP 
1640 > 100 1 .3  
55-17, 1475 * 100 1 .3  
1475 7 100 1 .3  
Bottom 
55-25, 1580 100 1 . 5  
TOP 
1740 > 100 1 . 5  
55-34, 1085 8 4  1 . 5  
























Average 1393 - 1.5  22 15 
Range  1085- 1740 - 1. 3-1. 7 13-40 9-25 
E 
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TABLE 12. SAMPLE NUMBERS 5 6  AND 57 
GRAFTED AND CROSSLINKED 
Xxpe rimental Conditions for Grafting: 
Dose  Rate: 0 . 0 2 1  M r a d x r  Sample unavailable for crossl inking 
Total Dose:  0 . 6 7 1  Mrad 
Temperature: 125 'E' 
Atmosphere:  Nitrogen 
-- 
RESULTS: 
Tens i le  
Strength, Elongation, Thickness ,  Res is tance ,  R e s i s t a n c e ,  
Sample p s i  % m i l  miLLiohm-inc$ mil l iohm-inch2/rni l  
Spec imens  were  sol id rods, no samples  taken. 
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TABLE 13. SAMPLE NUMBERS 58 AND 59 
GRAFTED AND CROSSLINKED 
Experimental  Conditions for  Crafting: 
Dose Rate: 0 .021  M r a d / h r  Dose Rate: 0 .025  Mrad /h r  I 
Experimental Conditions for Crosslinking: 
Total Dose: 1. 430 Mrad 
Temperature:  125'F 
Atmosphere: A i r  
I 
Total Dose: 0.550 Mrad  
Tempera ture :  8 0 ° F  
Atmosphere: Air  
RESULTS: 

































> loo  
> loo  
>loo 
,100 









Thic kne s s , Re si s tanc e Re si stance 










Midd 1 c* 





59 -  17, 
Bottom 
59-25 ,  
TOP 
59-34 ,  
Midd le  
1 . 5  

















2 . 3  











1 . 4  
I C  1. LJ 
11 




1 .8  























A v e r a g e  1077 - -  1 . 9  7 




, TABLE 14. SAMPLE NUMBERS 60 AND 61 
GRAFTED ONLY 
Expr.rimental -- - Conditions for  Graftind: 
Dose Rate: 0.021 M r a d / h T  
Total D o s e :  0.671 Mrad 
Temperdture: 125'F 
Atmosphere:  Air 
RESULTS: -- - 
Tens i l e  
Strength , Elongation, Thickne ss, Res i s tance  R e s i s t a n c e ,  
s --- tnlple ps i  z m i l  milliohm-inch2 mil l iohm-inch2/mil  
6 0 - 1 ,  1100 - 1.4 20 
'rap 940 70 1.5 19 
~ 
60-9, 1415 .loo 1.4 34 
Middl e 1240 90 1. 6 34 
1 60-17, 8 60 94 1.7 7 
Bottom 755 85 1. 8 10 
60-25, 90 5 70 1.7 18 
8 45 70 1. 8 19 TOP 
60 - 34, 700 84 2. 3 10 
Middle 750 90 2 . 1  9 
6 1 - 1 ,  920 1.2 15 
n p  90 5 70 1.5 18 
61 9, 710 65 1.7 22 






61 - 17, 7 30 87 1.8 9 
Bottom 555 70 1.7 8 
I 61-25, 770 82 2.0 7 











1 1  











61-35, 5 80 85 1.8 5 3 
Bottom 780 a100 1.8 7 4 I - -_--------- 
Averdge  865 - 1.7 15 I Rdnge 555-1415 - 1.2-2. 3 5-34 9 3-24 
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TABLE 15. SAMPLE NUMBERS 62 AND 63 
GRAFTED ONLY ~ 
Expe: imental  Conditions for. Grafting: 
Dose Rate: 0.021 Mrad /h r  
Total Dose: 1. 430 Mrad 
Temperature:  125 'F 
Atmosphere: Nitrogen 




Strength,  ELongation, Thickness,  Re sistance , Resistance,  
Sdmple ps i  70 mil milliohm- inch2 milliohm- inch2 /mil 
62(l)  1220 - 3.0 14 - I 
40 0 85 3.0 13 - 
500 ,100 3. 5 1 1  
450 90 3.2 12 
5 30 ,100 3 . 1  9 - 
600 70 2.8  12 - 
440 80 3.5 14 - I 
3.6  12 
3. 6 11 
3 
3 
63  Tu0 SAMPLES TAKEN I 
Random sampling when possible. 
2 9  
TABLE 16. SAMPLE NUMBERS 64 AND 65 
GRAFTED ONLY 
Experimental  Conditions for Grafting: 
Dose Rate: 0,0125 Mrad/hr  
Total Dose: 1. 700 Mrad 
Tempera ture :  125 "F 
Atmosphere: A i r  
I 
RESULTS: 
Ten s i le  
Sample ps i  70 
Strength , Elongation , Thickness,  Re si s tance , Resis tance  , 
I mil  m ill io  h m- inc h2 m i 1 1 io hm- inc h2 / m i 1 
64- 1, 865 90 1.4 7 I TOP ?65 80 1.4 6 
1045 >loo 1.5 8 64- 9, 
Middle 800 90 1.7 7 I 
~ 
64- 17, 880 70 1.5 15 
Bottom 775 >loo 1.7 15 
64-25, 1065 >loo 
Middle 880 >loo 
I 
I 
64-34, 7 95 80 
Bottom 855 90 
65-1, 1100 95 





1. 8 7 
1.8 9 
1.5 1 1  
1.5 1 1  
65-9, 7 45 >loo 1.4 16 I 
I Middle 785 97 1.4 19 
65-17, 865 .loo 1.4 15 
Bottom 865 .loo 1.4 19 
65-25, 880 90 1.5 1 1  
TOP 8 40 80 1.5 10 i 
I 
65- 34, 740 50 1.7 















1 1  
14 






1 - -- 
Av e 'r dg e 861 e 1.5 10 




TABLE 17. SAMPLE NUMBERS 66 AND 67 
GRAFTED ONLY 
I 
Experimental  Conditions for Grafting: 
Dose Rate: 0.0125 Mrad /h r  
Tct-il Dose: 0.800 Mrad 
Tempera ture :  125 'F 
4 tinosphe r e' Nitrogen 
RESULTS: 
Tensile 
Strength,  Elongation, Thic kne s s , Resis tance,  Resis tance,  
I Simple  -- psi 70  mil  mi 11 io hrn-hc h m i  11 i ohm -inch / mi 1 
I 66 - 1 ,  680 90 1.7 4 3 
TOP 650 90 1 . 7  3 2 
I 
65-8,  470 ,100 1 . 9  6 
I TOP 300 65 2 . 0  5 
~ 
6 7 - 1 9  1100 >loo 1. 8 3 





i REMARKS: Specimens were  ve ry  tacky, unable to obtain samples  fur ther  in roll .  
I 
TABLE 18. SAMPLE PvUMBERS 68 AND 69 
GRAFTED AND CROSSLINKED 
Expe r :me ntal Conditions for Gr a f t  ing : 
D o s e  Rate: 0 .0125  Mrad/hr  Dose Rate: 0.025 Mrad /h r  
Total Dose: 1. 700 Mrad Total Dose: 0.550 Mrad 
Temperature:  125'F Tempera ture :  80°F 
Exper imental Conditions for C ros slinking: -- 
Atmosphere'  Nitrogen Atmosphere: Air  
RES U L  TS: 
Tensile 
Resis tance,  
2 
Thickness Resis tance,  
mil milliohrn -inch milliohm-&/mil 
Strength, Elongation, Before After Before After Before After 
-- S<im pl e P S I  70 c rosslinking c rosslinking c rosslinking - 
6 8 ( l )  2 . 4  2 . 1  10 4 4 2 
- 2 . 5  2 3  8 4 3 2 
- - 2 .  5 2 . 2  9 4 4 2 
- 2 . 4  2. 2 7 4 3 2 
2 . 1  2 .2  7 5 3 2 
- 2 . 0  2 . 2  6 5 3 2 
- 2 .  3 2 . 2  6 5 3 2 
- 2. 6 2. 2 7 4 3 2 
- 2. 6 2 . 0  7 5 3 2 
- - 2 . 5  2.0 0 5 3 2 
69 DISCARDED, Unable to obtain samples .  
Average - 
R .*nge 
- 2. 4 2 . 2  7 5 3 2 
- 2 . 0 - 2 .  6 2 .0 -2 .  3 6-10 4-5  3 - 4  - 
( 1 )  Random sampling when possible.  
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TABLE 19. SAMPLE NUMBERS ?O AND 71 
GRAFTED - AND CROSSLIhKED ~ 
I - Exper:mental condi t ions for Grafting: Dose Rate: 0.0125 Mrad/h; Dose Rate: 0.025 Mrad/hr  Experimental  Conditions for  Crosslinking: 
Total Dose: 0. 800 Mrad 
Temperature:  125' F 
Atmosphere: A i r  
Total Dose: 0.550 Mrad 
Temperature:  80 "F 
Atmosphere: Air 
RESULTS: - _ _  
Tensile 
St re ng th , El ong A. t i on, Thic. kne s s  , Resistance , Resis tance,  
mil m ill io h m-inch rn i 11 iohm - inc h2 / rn . I  -____- T O  ---- Sample psi  --- 
10 1, 1065 >loo 1 . 2  12 
TOP 1100 '71 00 1.3 11 
10 
8 
70 9, 1000 >loo 2 0  13 
Middle 92 5 >loo 1.9 15 
7 
8 
7 0 -  17, 910 >loo 2.0 15 8 
Bottom 715 80 2.0 16 8 
70 25, 1045 71 00 2.0 13 
Middle 1040 >loo 1.9 10 
7 
5 
70 -. 3 4, 980 >loo 1.8 6 
Bottom 980 95 1. 8 8 
3 
4 
71- 1,  785 65 1 4  12 
Top 1180 84 1.4 14 I 9 10 
71 9, 9 90 90 2 0  22 
Middl e 9 90 84 2 0  17 
10 
9 
71-17,  1070 >loo L. 0 12 
Bottom 935 90 2.0 13 
6 
8 
71-25, 915 89 1 . 8  9 
Top 98 0 90 1. 8 9 
5 I 
c, 
71.34, 2260 >! 110 1 3  hO0 
A'liddle 123s > 100 1.5 21 
460 
14 
* Aier-tgt? 987 - 1.8 13  
* R i t > g c  7LC: 1235 - 1.2-2.0 6- 22 8 3 -  1 4  






TABLE 20.  SUMMARY OF RESISTANCE VALUES 
FROM FACTORIAL EXPERIMENT* 
1 - --- 
Grafting Dose Rate: 0 . 0 ~ 1  Mrad Grafting Dose Rate: 0 0125 M r a d i  
! Total Dose: Total Dose: Total Dose: Total Dose.  




O2 r"- ; O2 N2 O2 N2 O2 N2 12-58 9-21 16-34 10-133 
(27) I1 3) (24 1 (34) 1 
I 
I 
9-14 5-34 5-19 2 6  
----- 
(12) (15) (10) ' ''' i 
13 40 I I 9-38 10-37 20-71 
(22 1 (20) (43) ( 2 2 ,  ! 
no 4-5 6-22 3-12 
I 
(7) sample s ( 5 )  (1 3 )  
2 .L T Values a r e  in mill iohm-inch . Values in parenthesis a r e  average  
values,  and the other values a r e  the ranges obtained. 
res is tance values occurred in the outermost  few feet  of the roll,  
these valnca were disregarded.  
When high  
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TABLE 21. GRAFTIhC COhD!TJOhS A l l D  EXOTHERM 
Duration nf 
Exo the m , 
Exotherm, ’F) 
I (Maximum Sample Dase Rate, Tot t l  Dose, Time to 








58 0 2  
I 5 9  0 2  
00 0 2  
6 1  O2 
I 6 2  h2 
N2 
O2 







b , 3  
64 
r L .  1 
h, h‘ 
68  
6 ?  
h;. 
h2 
I 70 O2 
O2 I 71 
0,021 


































1 .  439 
0 471 
0.671 














0 671  
n 671 
I 430 











8 O h r  
8 0 h r  
No exotherm 
ho exotherm 










0. 3 hr 
0.6 hr  
10.0 hr 
10.0 hr 
10 0 hr 
10.0 h r  
1 O h ?  
0 6 h r  
8 0 hr 
8 Oh.-  
@ 6 t - ?  
0 6 h v  
0 h h r  
0 - 6  b r  
ho exotherm 
ho exotherm 
8 hr  (18) 
8 hx (18\ 
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I A B L E  2 2 .  E F F E C T  O F  STERILIZATION O N  RESISTANCE OF 
TEST PLAh SAMPLES 
Res i s tance ,  Re  si stanc e ,  
l ’ h i c k n e s s ,  m i l  mil l iohm - inc h2 mil l iohm - inch2/mil  
5 irnple Before  After Before After Before  After ... -- 
3 7  1 1 .  3 1. 6 16 9 12 6 
38 32 1. 5 1 6  27 11 18 7 
44- 10 1 .  6 2 . 0  12 15 8 8 
46- 34 1 7  1 8  15 5 9 3 
48- 1 1 . 5  2 . 0  16 7 11 4 
50 34 1. 5 1. 6 36 16 2 4  10 
5 2 - 1 3  1 . 2  2 . 0  109 9 91 5 
54-  34 1. 6 1. 6 14 9 9 6 
58 -17  2 . 1  2. 2 5 6 2 3 
60 17 1. 8 2. 0 10 8 6 4 
1 4 4 62 3 2  3 . 0  3 . 0  12 
44  17 1 . 5  1 . 7  15 10 10 6 
66-  1 1. 7 1 . 7  4 13 2 8 
h 8 - ? 4  2. 2 2 . 2  5 4 2 2 
70 - 2 5  1. 9 1 . 7  10 5 5 3 
* Random sample from the roll 
REMARKS: S a m p l e s  were s ter i l i zed  for  64 hours at 135°C in 40 wt ‘$0 KOH. 
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TABLE 23. SAMPLE NUMBERS 81 THROUGH 88 
GRAFTED AND CROSSLINKED 
Grafting Solution Composition: 
25 wt  70 Acrylic acid Dose Rate: 0.021 Mrad /h r  
70 wt 70 Benzene Total Dose: 1.430 Mrad 
Experimental  Conditions for  Grafting: 
5 wt 70 Carbon tetrachloride Tempera ture :  89°F 
Atmosphere : Nitrogen 
RESULTS: 
S amp1 e 
81 -1 9 
9 
81 -34 12 
12 
















86-1 1 1  
10 
86 - 34 10 
10 
87- 1 14 







Re si stance,  rnilliohm- inc h2 
Average 1 2- 
Range 5-30 
Samples: 82  86 . 88 Exotherm Data fo r  Grafting: 
Time to exotherm,  hr: 2 4 4 
Duration of exotherm,  hr :  18 16 16 
AMaximum exotherm,  OF: 2 3  31 11  
- - -  
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T A B L E  24. SAMPLE NUMBERS 105 THROUGH 112 
GRAFTED AND CROSSLINKED 
Crafting Solution Composition: 
25 wt  70 Acrylic acid Dose Rate: 0.0210 Mrad/hr  
70 wt 70 Benzene Total Dose: 1.430 Mrad 
Experimental  Conditions fo r  Grafting: 
















































Aver  age  10 
Exotherm Data for Grafting: -- 
Time to exotherm, hr: 2 2 2 
Duration of exothe rm, h r  : 20 18 19 
Maximum exotherm, OF: 1 7  14 12 
Range 6-15 
112 - Samples: 105 108 
TABLE 25. S A M P L E  NUMBER 73 
GRAFTED AND CROSSLINKED 
- Graft ing Solution Composition: Experimental  Conditions for  Grafting: 
25 wt 70 Acryl ic  acid Dose Rate: 0.021 M r a d / h r  
70 wt 70 Benz.ene Total Dose: 1, 430 Mrad 
5 wt 70 C i r b o n  te t rachlor ide Temperature:  125'F 
Atmosphere: Ai r  
RESULTS: - 
Resis tance Re sis tance , 
Sample mil l4 rnilliohminch2 / mil milliohm-in 
Thickness  , 
 
73-1, TOP 1 .3  
1 .5  
73-, 9, Middle 1. 6 
1 . 7  
73- 17, Bottom 1 .7  
1 . 8  
73-25, TOP 1 . 9  
1 . 8  
73-34, Middle 1 . 9  





















Ave rage  1 . 7  8 
Range 1 . 3  - 1 . 9  4 -  18 
Exo the rm Data for  Crafting: - 
5 
2 - 14 
T i m e  to exothermt h r :  5 
Dur i t i on  of exotherm,  hr :  19 
Maximum exotherm,  'F: 15 
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TABLE 26. SAMPLE NUMBER 74 
GRAFTED A M )  CROSSLINKED 
Grafting Solution Composition: Experimental  Conc itions for Grafting: 
25  wt 70 Acrylic acid Dose Rate: 0.021 Mrad /h r  
70 wt 70 Benzene Total Dose: 1.. 430 Mrad 
5 wt  70 Carbor. tetrachloride Temperature:  125 'F 
Atmosphere: Ai r  
RESULTS: 
Thic kne s s,  
Sample mi! 
7 4 - 1 ,  Middle 1 .5  
1.5 
74-9, Bottom 1. 5 
1 .5  
74L.17, TOP 1 . 9  
2.0 
74-25, Middle 1 . 9  
1. 9 
74- 34, Middle 2 .2  
2. 2 
Re si s tanc e ,  
mil I i oh rn -in& 
Resis tance,  





















Average 1.8 10 
Range 1.5 - 2.2 5 - 17 
- Exothe rm Data for Grafting: 
6 
2 - 11 
Time to exotherm,  hr: 5 
Duration of exotherm,  hr:  19 
Maximum exotherm,  'F: 21 
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TABLE 27. SAMPLE NUMBER 15 
a 
CROSSLINKED AND GRAFTED 
G r  aft ing Solution Compos it ion: Experimental  Conditions for  Grafting: 
25 wt $6 Acrylic acid Dose Rate: 0.021 Mrad/hr  
70 wt 70 Benzene 1.430 Mrad Total  Dose: 
Atmosphere: Nitrogen 
5 wt 70 Carbon te t rachlor ide Tempera ture  : 90 OF 
RESULTS: 
Tensi le  
Strength Elongation, Thickne s 6 ,  Resistance,  Re s i stanc e, 
2 Sample psi mi l  milliohm-inch' milliohm- inch /mil 
15-1, 1690 70 1 . 2  1175 
TOP 1860 92 1 . 1  >3000 
15-11, 2060 .loo - >3000 
Middle 1915 85 - ,3000 
15-23, 21 30 ,100 - >3000 
Bottom 1955 > loo  - >3000 
15-34, 1600 85 1 . 5  150 





Average 1870 - - - 
Range 1600-2130 
Exo the rm Data fo r  Grafting: 
Time to  exotherm, h r :  3 
Duration of exotherm, hr:  17  
Maximum exotherm, OF: 21 
TABLE 28, SAMPLE NUMBER 12 
CROSSLINKED AND GRAFTED 
- Gr --_ 3ft:ng Solution Composition: Expe r i me nt a1 C ond i tion s for Grafting : 
2 5  -at 70 Acrylic acid 
7 0  wt % Benzene 
5 w t  70 Carbon te t rachlor ide 
Dose Rate: 0.021 Mrad /h r  
Tot31 Dose: 0 .  671 Mrad 
Temperature:  125 "F 
Atmosphere: A i r  
- RESULTS: 
Tensi le  
Strength,  Elongatlon, Thic kr.e s s ,  Resistance Re si s tanc e ,  
milliohm-inch /mil  2 2 mil 1 iohm- inch - S Lmple ps i  % mil  --- 
12- 1,  3 100 > 100 1.0 > 3000 
Bottom 3480 >loo 1 .0  >3000 
12- 9, 3360 >loo  1.0 >3000 
MJ ddl e 3240 > 100 1.0 >3000 
12 17, 2670 > 100 1.0 > 3000 
TOP 2 640 >loo  1. 1 >3000 
12 25, 1960 >loo 1 5  >3000 
Middle 1860 > 100 1.6 >3000 
12 34.  2050 >loo 1.0 40 0 
B r  r*om 2080 ii00 i .  0 I 1  - 9  
Exothe rm Data fo r  Graftinn: 
T i m e  to  exotherm,  hr: 7 
Dura t ion  of exotherm,hr:  5 




TABLE 29. SAMPLE NUMBER 13 
CROSSLINKED AND CRAFTED 
Gvafring Solution Composition: Experimental  Conditions for  Crafting: --- 
2 5  w t  70 Acrylic acid 
'0 wt 70 Benzene 
5 'N! % Carbon tetrachloride 
Dose Rate: 0 .021 Mrad /h r  
Total Dose: 0. 671 Mrad 
Temperature:  125°F 
A tmo sphe r e: Nitrogen 
RESULTS: -- 
Tensi le  
Strength,  Elongation , Thickness,  Re si s t a m e ,  Re si 8 tanc e , 
Simp1 c- psi  70 mi 1 mill lohm-imh2 milliohm-inc$/mil 
13-  1 ,  1510 >loo 1. 3 > 3000 
T@P 1380 83 1. 2 > 3000 
13-9,  8 90 88 2 .2  >3000 
Middl e 970 85 2. 2 >3000 
13 17, 775 > 100 1 . 7  
Bot?om 855 > 100 1. 8 
6 
8 
13 25, 945 > 100 2. 1 8 
T@P 880 >loo 2 0  13 
13 34, 1040 >loo 
M: dti 1 e 1070 7100 
- Exothe rm Data for Grafting: 
2 . 0  










Time to exotherm,  hr: 2 
Dur3tion of exotherm,  h r :  10 
Maximum exotherm,  'F: 16 
i 
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TABLE 30. SAMPLE NUMBER 16 
CROSSLINKED AND GRAFTED 
(5% KOH wash before grafting) 
Grafting Solution Composition: Experimental  Conditions for  Grafting: 
25 wt 70 Acrylic acid Dose Rate: 0.021 Mrad /h r  
70 wt 70 Benzene Total Dose: 1 .430 Mrad 












16 - 34, 1715 
TOP 1695 




>I  00 
>loo  
90 
> l o o  
> l o o  
7100 
Thickness , Re s istanc e ,  Resistance,  
mil milliohm-inch' milliohm-inch 2 /mil 
1 . 7  8 
1 .8  10 
1.6 825 
1 . 7  39 1 
1 . 4  860 







1 . 2  169 140 
1 . 3  117 90 
Average 1430 - 
Range 885-1715 - 
Exothe rm Data fo r  Grafting: 
T i m e  to exotherm,  hr :  3 
Durat ion of exotherm,  h r :  17 
Maximum exotherm,  "F: 30 
1 . 5  31 8 214 
1 . 2  - 1 . 8  8 - 860 5 - 615 
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TABLE 31. SAMPLE NUMBER 91 
Crafting Solution Compos it ion: 
GRAFTED ONLY 
5 wt 70 Acrylic ac id Dose Rate: 0.021 Mrad /h r  
1 wt 70 Carbon tetrachloride Temperature:  90°F 




Strength, Elongation, Thicknes s, Re s i s  tanc e,  Re s i s  t anc e ,  
Sample ps i  7 0  mil milliohm-inch2 mill iohm- inch 2 /mi l  
91-1, 1350 65 1.2 193 
TOP 1320 98 1.4 > 3000 
91-11, 1310 >loo 1.9 ,3000 
Middle 1785 >loo 1.9 >3000 
91-23, 1590 >loo 1.7 >3000 
Bottom 1250 >I 00 1.7 ,3000 
91 -34, 2500 >loo 1 . 1  >3000 
TOP 2340 > loo  1 . 1  >3000 
138 
- 
Average 1680 - 
Range 1250-2500 - 
Exothe rm Data for  Grafting: 
1.5 
1 . 1  - 1.9 - 
Time  to  exotherm,  h r :  3 
Durat ion of exotherm,  h r :  17 
Maximum exotherm,  OF: 8 
TABLE 32. SAMPLE NUMBER 92 
GRAFTED ONLY 
Crafting Solution Composition: Experimental Conditions for Graftinc.  
10  wt '-70 Acrylic acid Dose Rate: 0.021 Mrad/hr  
88 wt  7'0 Benzene Total Dose: 1.430 Mrad 




Strength Elongation Thickness, Resistance, Resistance,  
2 S amp1 e ps i  7 0  mil milliohm- inc h2 milliohm- inch / m i l  
92-1, 94 5 > loo  1 . 1  
TOP 1000 > l o o  1 . 3  
32 
15 
92-11, 1335 > l o o  1 . 3  15 
Middle 1415 >loo  1 . 3  28 
92-23, 1000 > l o o  2 . 3  >3000 
Bottom 930 > 100 2 . 5  780 
92-34, 1470 >loo  1 . 3  











Average* 11 75 - 1 . 6  139 66 
- Range* 930-1470 1 . 1  - 2 .5  15 - 780 12 - 311 
Exotherm Data for Grafting: 
T i m e  to  exotherm, hr: 3 
Durat ion of exotherm, h r :  17  
Maximum exotherm, "F: 8 
* Does not include high res i s tance  values.  
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TABLE 33. SAMPLE NUMBER 93 
Crafting Solution Compos it ion: 
GRAFTED ONLY 
Experimental  Conditions for  Grafting: 
15 wt 70 Acrylic acid Dose Rate: 0 .021 Mrad /h r  
82 wt ‘$0 Benzene Total Dose: 1.430 Mrad 
3 wt ‘$0 Carbon te t rachlor ide Tempera ture :  9 0 ° F  
Atmospherc: : Nitrogen 
RESULTS: 
Tensile 
Strength, Elongation, Thickness, Re  s i s t  anc e ,  Res istance,  
2 Sample psi  70 mil milliohrn-inch2 mill iohm-inch / m i l  
93-1, 1100 93 1 . 4  
TOP 1200 > l o o  1 . 4  
93-1 1,  1430 > l o o  1 . 4  
Middle 1235 85 1 . 4  
93-23, 1230 > l o o  1 . 7  
Bottom 1200 97 1 . 7  
93-34, 1275 > l o o  1 . 4  

















Average 1240 - 1 .5  37 25 
- 13 - 47  Range: 1100-1430 1 . 4  - 1 . 7  18 - 66 
Exo the rm Data for Grafting: 
Time to  exotherm,  hr: 1 
Durat ion of exotherm,  h r :  19 
Maximum exotherm,  OF: 14 
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TABLE 34. SAMPLE NUMBER 94 
GRAFTED ONLY 
G r aft i ng Sol u t i on C om po s i t i on : 
L O  wt  70 Acrylic acid Dose Ratc: 0.021 Mrad /h r  
76 wt O/O i5enzene Total  Dosc: 1.430 Mrad 
Experiment a1 Conditions for Grafting : 
4 wt (;1 Carbon te t rachlor ide Tempera ture :  90°F 
Atmosphere: Nitrogen 
~ RESULTS: 
Tensi le  
Strength,  E long a i o n ,  Th ic kne s s , Resis tance,  Res is  .anc e ,  
2 Sample psi 70 mil rnilliohm-inch' mill iohm-inch /mil 
94-19 1065 95 1.4 
TOP 1030 95 1.3 
9 
9 
94-11, 1200 >loo 1.4 30 
Middle 1135 95 1.5 20 
94-23, 1165 >loo 1 . 7  25 
Middle 1165 >loo 1.6 20 
94-34, 1500 >loo 1.3 16 







1 2  
9 
Average 1175 - 1.5 18 12 
Range 1030-1 500 - 1.3 - 1.7 9 - 30 6 - 21 
Exothe rm Data fo r  Grafting: 
Time to exotherm,  h r :  1 
Durat ion of exotherm,  h r :  19 
Maximum exotherm,  OF: 25 
. 
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TABLE 35. SAMPLE NUMBERS 101 AND 102 
GRAFTED ONLY 
Grafting Solution Composition: Experimental  Conditions for  Grafting: 
25 wt 70 Acrylic acid 
75 wt 70 Benzene 
Dose Rate: 0.021 Mrad/hr  
Total Dose: 1.430 Mrad 
Tempera ture :  125 "F 
Atmosphere: Air 
RESULTS: 
Thickness,  Re s i s  tanc e,  
Sample mi l  mill iohm- inch 
Re s is tanc e, 
2 milliohm-inch /mi l  2 
101-1, TOP 0 . 9  
1 . 0  




1 0 1 - 7, Middle 2 .0  5 
2 . 0  2 
1.8 4 
101-23, Bottom 2 . 4  
2 .2  
2 .4  
101-33, Middle 2 . 2  
2 . 1  
2 . 2  
102 -?  1 .2  
1.1 
1.3 
1 .5  
1 . 0  




Exothe rm Data for  Grafting: 
Time to exotherm,  hr :  
Durat ion of exotherm,  h r :  
















Samples : 101 102 
4 3 
8 9 




REMARKS: Film came apart  in 5% KOH 
Tensi le  strength for 101-23, Bottom: 270 & 500 psi,  . 
Tensi le  strength for 101-33, Middle: 660 psi  & 7070 Elongation. 
70 & 8570 Elongation 
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TABLE 36. SAMPLE NUMBER 78 
GRAFTED ONLY 
Grafting Solution Composition: Experimental  Conditions fo r  Grafting: 
25 wt 70 Acrylic acid Dose Rate: 0.021 Mrad /h r  
72. 5 wt 70 Benzene Total Dose: 1.430 Mrad 
2 . 5  wt 70 Carbon te t rachlor ide Tempera ture :  125°F 
Atmosphere: A i r  
RES U L  TS: 
Tensi le  
Strength Elongation, Thickness, Resis tance,  Res istanc e,  
2 S amp1 e ps i  70 mil mill iohm- inch' mill iohm- inch / ni -_ 1 
78-1, 74 0 > l o o  1 . 7  4 
Bottom 71 0 > l o o  1 . 6  5 
78-9, 790 > l o o  2 . 1  
Middle 325 55 2 . 1  
78-17, 425 80 2 .4  
TOP 370 75 2 . 3  
78-25, 640 >loo  2 . 5  
TOP 76 0 > l o o  2 . 5  
78-34, 525 > loo  1.  8 

















Average  605 - 2 .1  4 
Range 325 - 790 - 1 . 6  - 2 . 5  2 - 6  
E x o t h e r m  Data for  Grafting: 
T i m e  t o  exotherm,  hr :  5 
Durat ion of exotherm,  hr :  19 
Maximum exotherm,  OF: 31 
2 
1 - 3  
50 
TABLE 37. SAMPLE NUMBERS 97 AND 98 
GRAFTED ONLY 
Grafting Solution Composition: 
25 wt % Acrylic acid Dose Rate: 0 .021 Mrad /h r  
72.5 wt 70 Benzene Total  Dose: 1 .430 Mrad 
Experimental  Conditions f o r  Grafting : 
2 . 5  wt Carbon te t rachlor ide Tempera ture :  125°F 
Atmosphere: Air  
K E S U L S :  
Thickne s s , 
Sample m i l  
N O  S A M P L E S  T A K E N  
Exo the rm Data for  Grafting: 
T i m e  t o  exotherm,  hr :  
Duration of exotherm,  h r :  
Maximum exotherm,  OF: 
Resis tance,  
milliohm-inc h 
Re s is t anc e ,  
2 niilliohm- inch /mil 2 







4 3  
REMARKS: Film had  no strength,  unable to  sepa ra t e  f r o m  paper .  
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TABLE 38. SAMPLE NUMBERS 99 AND 100 
GRAFTED ONLY 
Grafting Solution Composition: 
25 wt 70 Acrylic acid Dose Rate: 0.021 Mrad /h r  
72.5 wt 70 Benzene Total  Dose: 1.430 Mrad 
Experimental  Conditions f o r  Grafting: 
2. 5 wt YO Carbon te t rachlor ide Tempera ture :  125°F 
Atmosphere: Air  
RESULTS: 













2 .0  




















Exotherm Data for Grafting: 
T i m e  t o  exotherm,  hr: 
Durat ion of exotherm,  hr: 
Maximum exotherm,  O F :  
Resistance,  Resistance,  2 milliohm-inch /mil 2 milliohm-inch 
1 1  
16 
17 
















































TABLE 39. SAMPLE NUMBER 79 
GRAFTED ONLY 
Grafting Solution Composition: Experimental  Conditions for  Grafting: 
25 wt 96 Acryl ic  acid Dose Rate: 0.021 Mrad /h r  
65 wt % Benzene Total Dose: 1. 430 Mrad 
10 wt % Carbon te t rachlor ide Temperature:  125 'F 
Atmosphere: Ai r  
RESULTS: 
NO SAMPLES TAKEN 
Exo the rm Data fo r  Grafting: 
T i m e  to exotherm,  hr: 5 
Durat ion of exotherm,  hr: 19 
Maximum exotherm,  'F: 49 
REMARKS: Film had no strength,  unable to sepa ra t e  f r o m  paper.  
TABLE 40. SAMPLE NUMBER 103 
GRAFTED ONLY 
Grafting Solution Composition: 
2 5  wt $6 Acrylic acid 
37. 5 wt 70 Benzene 
37. 5 wt "k, Xylene 
RESULTS: 
Experimental  C and i tions f o r  G r  aftine, : 
Dose Rate: 0.021 M r a d / h r  
Total Dose: 1.430 Mrad 
Temperature:  125 "F 
Atmosphere: Air 
Thickne s s, Resis tance,  
Sample mil mill iohm- inc h2 
103-1, Bottom 1.0 
1.1 
1.0 
103-6, Middle 1.8 
1.8 
1 . 7  
103-16, TOP 1.9 
1.8 
1.9 
103-24, Middle 1.9 
1.9 
i .  9 
103-32, Bottom 1.9 
1.8 
1.9 
















Re sis tance,  













Time to exotherm, hr: 3 
Durat ion of exotherm,  hr: 9 
Maximum exotherm, 'F: 6 
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TABLE 41. SAMPLE NUMBER 104 
GRAFTED ONLY 
Grafting Solution Composition: Experimental  Conditions fo r  Grafting: 
25 wt 70 Acrylic acid 
60 wt  70 Benzene 
15 wt  70 Xylene 
Dose Rate:  0.021 Mrad /h r  
Total  Dose: 1 .430 Mrad 
Temperature:  125°F 
Atmosphere: Air 
RESULTS: 
Th ickne s s , Re s i stanc e ,  Re si s tanc e, 
2 milliohm-inch /mil milliohm- inch 2 Sample mil 
104-1, TOP 1 . 0  
1 . 0  
1 . 0  
104-8, Middle 2 . 0  
2 . 0  
1 . 9  
104-16, Bottom 1. 9 
1 . 9  
1 . 9  
104-24, TOP 2 . 1  
2 . 0  
2 .0  
104-32, Middle 1 . 0  
1 . 0  
1 . 0  

























Time to exotherm,  h r :  4 
Duration of exothcrm,  h r :  8 
Maximum exotherm, OF: 1 3  
. 
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TABLE 42. SAMPLE NUMBER 76 
GRAFTED ONLY 
Grafting Solution Compos ition: Experimental  Conditions for Grafting: 
25  wt 70 Acrylic acid Dose Rate: 0.021 Mrad/hr  
70 wt 7'0 Xylene Total  Dose: 1 .430 Mrad 




Strength, Elongation, Thickne s s, Re s is tanc e ,  Re s istanc e, 
2 S amp1 e psi  % mil milliohrn-inch' milliohm-inch /mil 
76-1, 735 > loo  1 . 8  
TOP 690 80 1 .6  
76 -9, 1195 > loo  1 . 8  
Middle 1160 > l o o  1 . 8  
76-17, 56 0 80 1 . 9  
Bottom 605 80 1. 8 
76 -25, 720 50 1 . 9  
TOP 605 75 1 . 9  
76 - 34, 5 75 80 2. 1 














1 3  
< 1  





Average 750 - 1 . 9  10 5 
Range 560-1195 - 1.6  - 2 . 1  < 1  - 24 <1 - 1 3  
Exotherm Data f o r  Grafting: 
Time to exotherm,  hr :  5 
Duration of exotherm,  h r :  19 
Maximum exotherrn, OF: 31 
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TABLE 43. SAMPLE NUMBER 77 
GRAFTED ONLY 
Grafting Solution Composition: Experimental  Conditions for  Grafting: 
25 wt 70 Acrylic acid Dose Rate: 0.021 Mrad/hr  
70 wt 70 Xylene Total Dose: 1.430 Mrad 
5 wt 70 Carbon tetrachloride Temperature:  125°F 
Atmosphere : Nitrogen 
RESULTS: 
Tensile 
Strength, Elongation, Thickness, Resistance,  Resistance , 
Sample ps i  70 mil mill iohm- inc h2 milliohm- inc h2 /mil 
77-7, 510 90 2.4 
Bottom 645 > l o o  2.6 
I 77-15, 6 30 >loo 2. 8 





77-23, 545 94 2.5 5 
TOP 545 90 2. 3 <1 
77-31, 840 >loo  2.1 











Average 630 - 2.4 16 7 
Range 510-840 - 2. 1 - 2. 8 <1 - 37 <1 - 15 
Exotherm Data for Grafting: 
Time to exotherm,  hr:  2.5 
Durat ion of exotherm,  h r :  22 
Maximum exotherm,  OF: 45 
APPENDIX A 
Irradiation Techniques 
5 7  
l e 
l A- 1 I 
CR OSSLINKING PROCEDURE 
1.  A thirty-foot length of film is backed with absorbent  
c r epe  paper toweling and rolled onto a one-quarter  inch aluminum 
pipe which is capped a t  one end. 
2.  The rol l  of f i lm  is placed in a hydrometer  j a r  
(75 mm x 550 mm) and covered with a one-percent (by volume) solution 
of divinylbenzene in a mixture  of one pa r t  of benzene in 98 par t s  of 
methanol by volume. 
3 .  The j a r  is  alternately evacuated and allowed to r e tu rn  
p r e s s u r e  until a i r  bubbles can no longer be removed to atmospheric  
f r o m  the roll  of f i lm  by evacuation. 
4 .  The top of the ja r  is  covered with aluminum foil to r e t a rd  
evaporation of the solution, and the f i lm  is allowed to  equilibrate for  at 
leas t  24 hours .  
5 .  The j a r  and roll  of f i lm  a r e  exposed to a uniform cobal t -60 
source  adjusted to give a d ~ s e  rate d 0 025 Mrad per  hour until a total 
dose  of 0 55 Mrad is obtained. 
6 .  The j a r  is removed f r o m  the source and allowed to  stand 
The f i lm is unrolled and washed by passing it through 
that permi ts  a one-minute contact time with the benzene 
s backed with paper toweling, rolled and permitted to dry 
at least  24 hours I 
benzene at  a ra te  
The washed f i lm  
A -  2 
GRAFTING PROCEDURE 
1. A thirty-foot length of f i lm is backed with absorbent 
c repe  paper toweling and rolled onto a one-quarter inch aluminum 
pipe which is capped at  one end 
2 The roll  of f i lm s placed in a hydrometer j a r  
(75 mm x 550 m m )  and covered with an acrylic acid solution having 
a composition of 25% acrylic acid, 70% benzene and 570 carbon t e t r a -  
chloride by weight. 
3 .  The j a r  is alternately evacuated and allowed to re turn  
to  atmospheric p re s su re  until a i r  can no longer be removed f r o m  the 
rol l  of f i lm by evacuation. 
4 .  The top of the j a r  is  covered with aluminum foil to r e t a r d  
evaporation of the solution, and the f i lm is allowed to  equilibrate for  
at leas t  24 hours .  
5. The j a r  and ro l  
soiiicc a2justed to give a dose 
of f i lm a r e  exposed to a uniform cobal t -60 
ra te  of 0 .021  Mrad per hour until a total  
dose of 1 . 4 3 0  Mrad is  obtainec. 
6 .  
at leas t  24 hours .  
570 potassium hydroxide solution fo r  one hour.  
The j a r  is removed f r o m  the source  and allowed to  stand 
The film is unrolled and washed in hot (80°C) aqueous 
7. The f i lm is  then washed in hot (80°C) water fo r  one hour 
and allowed to  d ry  on paper toweling. 
